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The past ... and the future

Large electrification of energy
consumption ahead

Avoid
curtailment |

Reduce peak
\ improve SoS

Likewise, large growth of
sustainable but intermittent
renewable energy production

Inflexible consumption poses
a risk for security of supply

Flexibility changes consumption >
from a liability into an asset
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Which questions did we ask in the FlexSys project?

How much do heat pumps consume in different buildings?

What is the technical potential of heat pumps to deliver flexibility?
How much can heat pump flexibility improve security of supply?
What can we learn from surveys and testing out flex in practice?
How much can a household earn from flexibility?

Which barriers hold back flexibility, what should policymakers do?
How do suppliers need to adapt their business processes?

How do we make flexibility socially inclusive?

flexsys-project.be/deliverables
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Real-world pilot

12 households with heat pumps around Ghent

4 )

Heat pumps are made flexible

using the COFYBox EMS Intervention
R N

Flex-interventions: O

“Heat pumps are turned off \_ -/

until the indoor temperature reaches 19 °C”

User can overrule using an app, but must provide the “reason why” in a textbox









Buildings with heat pumps cool down slowly

After a heat pump is turned off, it often
takes more than 10h, even 20h, for the
building to cool down by a few degrees

The observed durations could have
been even longer, but in the pilot:

Density

The cool down of the sanitary hot water tank
could itself trigger heat pump reactivation

Participants often reactivated heat pumps

manually by ‘overruling’ flexibility 0 10 20 30
Duration (h)
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What else did we learn from our pilot?

Some - but not all - people care about being warned beforehand
that their heat pump will be turned off

If you give people the ability to overrule, they use it,
although not very frequently

People give all kinds of reasons for overruling flexibility

People enjoy having access to an online platform that gives them
better insight into what’s happening with their heat pump and why
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For 66 types
of residential buildings




Heating a home with a heat pump for one hour:

Assumptions
behind the table:

* Air-to-water heat pump

* The indoor temperature that needs to
be maintained is 21°C

Example
of whatis in the table:

If a

with a building envelope

wants to maintain an indoor
temperature of 21°C for one hour,
while itis , then:

 electricity consumption of the heat
pump will be 2.4 kWh,_

e amount of heat released to the
building will be 7 kWh,,,

e COPwillbe3

Heat pump electricity Heat production COoP
consumption (kWh,) (kWhy,) (KW;,/kW,)

Building | Building | Building | Building

Type Volume | Area [Envelope|[ -5°C | 0°C 5°C -5°C | 0°C 5°C -5°C | 0°C 5°C
(m?) (m?) Label

Appartment|300| M [100( M A 0.8 0.6 0.2 1.8 1.6 0.9 2.3 2.8 4.8
Appartment|300| M [100( M B 1.3 0.7 0.3 2.7 2.1 14 2.2 3.0 4.6
Appartment|300| M [100( M C 14 0.8 0.3 3.0 2.1 1.3 2.1 2.6 4.3
Terraced |437| S |126| S A 1.6 0.8 0.4 3.6 2.8 1.9 2.2 3.3 5.0
Terraced |437| S |[126| S B 2.3 14 0.6 5.2 4.1 2.9 2.3 3.0 4.6
Terraced |437| S |[126| S C 3.2 2.0 0.9 6.9 5L 3.6 2.1 2.6 4.2
Terraced |475| M [160| M A 2.0 1.0 0.4 4.5 3.3 2.0 2.3 3.4 5.1
Terraced |475( M (160 M B 3.0 1.8 0.8 6.9 54 3.6 2.3 3.0 4.7
Terraced |475| M (160| M C 4.2 2.4 0.9 8.8 6.5 4.0 2.1 2.6 4.3
Terraced |547| L (199]| L A 1.9 1.0 0.4 4.4 3.4 2.1 2.3 3.4 5.1
Terraced |547] L [199] L B 2.9 1.8 0.8 6.8 Bk 3.6 2.3 3.0 4.7
Terraced |547] L [199] L C 4.2 2.5 1.0 9.0 6.8 4.3 2.1 2.6 4.3
Detached |460| S [146| S A 2.0 11 0.5 4.8 3.8 2.7 2.4 3.4 5.1
Detached |460| S |[146| S B 3.2 2.0 0.9 7.6 6.0 4.4 2.4 3.0 4.7
Detached |460| S |146| S C 4.7 2.9 1.3 10.2 7.8 5.7 2.1 2.6 4.2
Notoobod Tonal R4 D anal B4 " 23 * o 0.6 5.7 ‘T 3.2 24 - 5.1
“Detached |622] M [198| M| B | _38 11 || 90 52 || 24 47
e = 5.6 - 1.6 12.1 - 6.8 2.1 - - 4.2
Detached | 798| L [(277| L A 2.8 1.6 0.8 6.9 5.5 3.8 2.4 3.4 5.1
Detached | 798| L [277| L B 4.6 2.9 14 11.1 8.8 6.4 2.4 3.0 4.7
Detached | 798| L [(277| L C 7.0 4.3 2.0 15.0 11.6 8.3 2.1 2.7 4.2
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Why is heat pump flexibility potentially
interesting for Security of Supply? <% }

- Like an EV, a heat pump uses 2000-3000 kWh/year
- Unlike an EV, consumption is concentrated in winter

- Consumption is highest of all during the coldest days

=> Good reasons to suspect that heat pumps are
well-placed for and could coniribute to SoS



Connecting simulations of the eleciricity
system with building simulations
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Load reduction by the heat pump flex event

Shortage in electricity supply
during the 5-hour scarcity event
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MWh
Load reduction by the heat pump flex event

500 Shortage in electricity supply

during the 5-hour scarcity event
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Scarcity events only last a few hours,
heat pump flex can last much longer

Share
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Before the resulis...
... what did we assume?

100% of Belgian residential heat pumps react

100% of heat pump owners allow the indoor temperature
to drop by at least 2°C

- Weignhore the risk of heat pump flex recovery
causing a new scarcity event
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Share of all scarcity events
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What do we conclude from this?

- Heat pumps can often be turned off for several hours
without a significant impact on comfort

- This enables heat pump flexibility to play a significant role
In dealing with short-term scarcity events in the electricity system

-  Heat pump flexibility is no panacea, some scarcity events
fundamentally cannot be addressed by it alone
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Would you give someone else control?

onlyiflam only if
no unsure notified and | can yes
|l can overrule overrule

Heat pump

Electric vehicle

0 25 50 75 100%



By how many
degrees can a
flexible heat pump ~3
deviate from your
ideal temperaturee Once per Once per

month |week |day

OK for an reduction of 210%
in my annual heating cost
OK for an reduction of 230%

in my annual heating cost
Not OK for an reduction of > 30%
in my annual heating cost




People have
diverse comfort
preferences

For example in terms of
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People care differently about the impact of flex
onh temperature and driving range
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If offered to you, how likely are you

to enroll in a flexibility program?

50%

25%

0% [
Extremely
unlikely

Somewhat
unlikely

Nor likely, nor
unlikely

Somewhat
likely

Extremely likely
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Heat pump electricity consumption Indoor temperature

kW °C
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Heating a home with a heat pump for one hour:

Heat pump electricity

Heat production

Buffer size required

consumption (kWh,) (kWh;,) (liters of water)

Assumptions Building | Building | Building | Building . ) ) . . . . . .

behind the table: Type Volu:ne Areza Envelope || -5°C | 0°C 5°C -5°C | 0°C 5°C -5°C | 0°C 5°C
(m°) (m?) Label

ump Appartment|300| M [100( M A 0.8 0.6 0.2 1.8 1.6 0.9 78 71 41

Appartment| 300 M |100| M B 13 | 07 | 03 27 | 21 | 14 118 | 89 59

U T e e Appartment | 300 M |100| M C 14 | 08 | 03 30 | 21 | 13 128 | 92 55

1190 Terraced |437| S |126] S A 16 | 08 | 04 36 | 28 | 19 155 | 120 | 80

Terraced [437| S |126] S B 23 | 14 | 06 52 | 41 | 29 226 | 178 | 126

Terraced |437| S |126] S C 32 | 20 | 09 69 | 53 | 36 208 | 230 | 157

Terraced |475| M [ 160 M A 20 | 10 | 04 45 | 33 | 20 193 | 143 | 86

table: Terraced |475| M |160| M B 3.0 1.8 0.8 6.9 5.4 3.6 299 | 231 | 155

Terraced |475| M [ 160 M C 42 | 24 | 09 88 | 65 | 4.0 380 | 279 | 171

Terraced |547| L [199] L A 19 | 1.0 | 04 44 | 34 | 21 190 | 146 | 90

slope Terraced [647] L [199] L | B 290 | 18 [ 08 || 68 | 53 | 36 || 203 | 220 | 156

in indoor Terraced |547| L [199] L C 4.2 2.5 1.0 9.0 6.8 4.3 386 | 292 | 187

C for one hour, Detached [460| S |146[ S A 2.0 1.1 | 05 48 | 38 | 27 206 | 162 | 117

, then: Detached |460| S |146] S B 32 | 20 | 09 76 | 60 | 44 329 | 259 | 190

Detached |460| S |146] S C 47 | 29 | 13 102 | 78 | 5.7 438 | 338 | 245

mntion of the heat L Y BT A 2.3 o 0.6 5.7 ar 3.2 243 | 4~ T 43g

PR [ Detached [622 M [z [ M [ ] B 3.8 11 |[ 90 52 || 38 || 303 || 223

T R R TS cowiniou jueey M |10 L. C 56 , oo , 16 121 , <. , 6.8 522 . . , 291

Wh,, Detached |798] L [277] L A 28 | 16 | 08 69 | 55 | 38 208 | 235 | 165

Detached | 798| L |277] L B 46 | 29 | 14 111 | 88 | 6.4 478 | 377 | 274

* COPwillbe3 Detached |798] L [277] L C 70 | 43 | 20 150 | 116 | 83 644 | 497 | 356




Academic research

Grid aspects of electrification and flexibility
Technical potential of EV, HP, batteries, ... to provide flexibility ?ﬂ:
Viodelling and technical aspects of heat pumps

Potential of building physics and DHW buffers to store energy

User behavior aspects of residential flexibility
EFconomic analysis

1O

Belgian- and EU wide energy system modelling



The past ... and the future

Past/current
energy system
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